Purpose: Preeclampsia (PE) is a complex disease and the underlying mechanisms are not known, yet. It is well known that oxidative stress and trace elements play a role in the pathogenesis of various diseases. Several studies have shown that the levels and proportions of trace elements are closely related to the severity of the disease. The aim of the study was to investigate the changes in some characteristics parameters, serum zinc, iron, copper levels, and copper/zinc and iron/zinc ratios and plasma lipid peroxidation levels in patients with mild and severe preeclampsia.
Introduction
Preeclampsia (PE), a unique hypertensive disorder of human pregnancy, is a major cause of maternal and perinatal mortality and morbidity. It affects approximately 5 % of pregnancies worldwide. Despite the extensive research, its etiology and pathogenesis still remain unexplained and it cannot be treated effectively, yet. 1 There are some pathophysiological conditions associated with increased oxidative stress in pregnancies, including miscarriages, preeclampsia, gestational diabetes mellitus (GDM), and intra-uterine growth restriction. Preeclampsia is a clinical condition of human pregnancy, characterized by hypertension and proteinuria and regressing after birth. Many studies have reported that
there is an imbalance between the production of reactive oxygen species (ROS) and anti-oxidants, repair processes. Proteins, lipids
and DNA are all vulnerable to oxidative damage which has been implicated in the etiology of a wide variety of chronic and acute diseases 2 . Several reports have suggested that blood and placental levels of oxidative damage markers are increased in women with preeclampsia. Increased production of free radicals cause endothelial dysfunction. [3] [4] [5] [6] Poorly perfused placental tissue may evoke the free radical process and the inception of generalized lipid peroxidation. Production of free radicals in endothelial cells is relatively low in normal conditions due to active defense systems, including chemical scavengers or antioxidant molecules and enzymes, such as reduced glutathione, superoxide dismutase, catalase, glutahione reductase and glutathione peroxidase. The changes in circulating levels of these antioxidant markers suggesting increased oxidative stress in patients with preeclampsia. [7] [8] [9] Trace elements are necessary to biological processes in human Several trace elements and oxidant/antioxidant status have been implicated in the pathogenesis of preeclampsia. [13] [14] [15] [16] In several of studies, trace element ratios have been used as an index related to increased inflammation and oxidative stress in the development or progression of the disease activities. However, there are various of studies in the literature, in which preeclamptic patients disclose the relationship of some characteristic features, trace element levels and oxidative stress parameters. The findings of these studies also appear to be contradictory.
Therefore, in the present study, our aim was to investigate the changes in some characteristics parameters, serum zinc, iron, copper levels, and copper/zinc and iron/zinc ratios and plasma lipid peroxidation levels in patients with mild and severe preeclampsia.
Materials and Methods
Women were examined between April 2015 and September 2016, and comprised 170 primiparous singleton pregnancies. on two or more random specimens collected >4 h apart. The criteria for distinguishing severe preeclampsia from mild preeclampsia were a blood pressure greater than 160/110 mmHg or proteinuria greater than 3+ on the dipstick, as suggested by Bolte et al. 18 All of the subjects were submitted to uterine artery Doppler and ma- Iron/zinc and copper/zinc ratios were calculated.
The lipid peroxide levels in plasma samples were measured using a thiobarbituric acid reactive substance (TBARS) assay, which monitors MDA production, based on the method of Beuge and Aust. 19 The amount of MDA was calculated using an extinction coefficient 
Results
Some characteristic features of preeclamptic pregnant patients group and healthy pregnant control group were given in Table 1 .
Ages of PE and control groups were 29.87±5.25 and 31.76±5.87
respectively. In the hypertension parameters, systolic blood pressure (p<0.001) and diastolic blood pressure (p<0.001) were significantly higher in the preeclamptic patients compared to the control group. Fetal weight (p<0.001) were significantly lower in the in the preeclamptic patients compared to the control group. Body mass index were not statistically different between two groups of the study.
Zinc levels (77.59±30.49 µg/dl) of the preeclamptic pregnancy patients were significantly lower compared to the healthy pregnancy group (91.03±30.59 µg/dl) (p<0.004) ( Table 2) . As a maker of oxidative damages, MDA levels were higher in PE patients .001, p<0.001, p<0.001, respectively). Table 3 shows the clinical characteristic parameters in the mild and severe preeclamptic groups and healthy pregnancy groups. Systolic blood pressure and diastolic blood pressure were significantly increased, and fetal weight were significantly decreased in both the mild and severe preeclamptic patients groups compared with those of healthy pregnancy group (p<0.001, for each). 
Discussion
Findings of our study indicated that systolic blood pressure and diastolic blood pressure, plasma MDA, serum Fe/Zn and Cu/Zn ratios, serum copper and iron levels were significantly higher in the preeclamptic patients compared to the control group. However, fetal weight and serum zinc levels were significantly lower in the in the preeclamptic patients compared to the control group.
Also, serum zinc levels were found to be significantly lower in the severe preeclampsia group than in the healthy pregnancy group.
Serum iron levels were found to be higher in mild preeclamptic group compared to healthy pregnant control group. Serum copper and Cu/Zn were found to be higher in the mild and severe preeclamptic groups compared to the control group. Serum Fe/Zn ratios were found to be higher in the severe preeclamptic group than in the healthy control group.
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Sakarya Med J 2017;7(1): [26] [27] [28] [29] [30] [31] [32] Although the causes of preeclampsia are not fully understood, associations with oxidative stress disorders have been demonstrated, and oxidative stress is known to reflect imbalances of antioxidant systems and free radical concentrations that lead to changes in cell function. 16, 20 It has been suggested that transition metals, The disturbance of the prooxidant/antioxidant balance that results from increased free radical production, antioxidant enzyme inactivation, and excessive antioxidant consumption is the causative factor in oxidative damage. Oxidative stress is an important mediator of abnormal platelet function and dysfunctional endothelium-dependent vasodilation in the setting of cardiovascular disease. The malondialdehyde, a carbonyl group produced during lipid peroxidation, is used widely in determining oxidative stress. In several studies, increased serum MDA levels in many diseases were reported. 16, 20, [21] [22] [23] In our study, we found increased plasma MDA levels in preeclamptic patients compared to healthy pregnant controls.
İn the literature, it also has been implicated that transition metals, such as Cu and Fe played role in production of oxidative damages in many diseases. Zn levels were significantly lower in the PE group than in healthy pregnant women and non-pregnant women groups. 15 In contrast, they have found that Cu, Zn, and MDA levels and Cu/Zn ratios were significantly higher in the PE group than healthy pregnant women and non-pregnant women groups. In our study, serum Cu and Fe levels were higher and serum Zn levels were lower in PE patients group when compared to healthy pregnancy controls. [26] [27] [28] [29] [30] [31] [32] Endothelial dysfunction in human occurs in various inflammatory conditions, angiogenesis, oxidative damage, hypoxia, and mechanical stress. All these complex processes may show even more complex interactions with the status of trace elements. Any condition associated with increased oxidative stress or inflammation might be expected to decrease Zn levels. This is probably due to increased consumption of Zn as an antioxidant element. Due to the inverse relationship between copper and zinc levels, increased copper levels in serum were also an expected finding in preeclampsia. In our study, serum Fe levels were also increase, likewise copper. Moreover, together with high Cu, Fe and low Zn levels in serum, serum Fe/Zn, Cu/Zn ratios were increased in our patients reflecting increased or ongoing inflammation and/or oxidative damage processes in this disease. Several studies have reported that some trace elements ratios together with trace element levels were more sensitive indicator for monitoring inflammation and/or oxidative stress in terms of the severity of the disease. 26, 27 Despite conflicting findings in the literature, these reports seem to support our results.
Additionally, we found that systolic blood pressure and diastolic blood pressure were significantly increased, and fetal weights were significantly decreased in both the mild and severe preeclamptic patients groups compared with those of healthy pregnancy group.
We also showed that serum zinc levels were significantly decreased in the severe preeclamptic group compared with healthy pregnancies, but serum iron concentrations were significantly higher in the mild preeclamptic group than those of the healthy pregnant group. Serum copper and copper/zinc ratios were found to be higher in the mild and severe preeclamptic groups compared to the control group. Serum iron/zinc ratios were found to be higher in the severe preeclamptic group than healthy control group. In many studies oxidative stress is associated with fetal development, so we thought that oxidant/antioxidant status and trace element distribution may be involved in the occurrence of preeclampsia or its complication.
In our study, we found increased plasma MDA levels in PE patients. Based on the findings of our study, we conclude that circulating of copper, zinc, iron levels and Fe/Zn, and Cu/Zn ratios and MDA levels might be involved in etiopathogenesis of preeclampsia as reason or result. Further study is required to determine the exact mechanisms of the redox-active transition metals and oxidative stress in preeclampsia.
